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ORIGINAL ARTICLE

Development and validation of a cardiovascular
risk prediction model for Japanese: the Hisayama
study

Hisatomi Arimal, Koji Yonemoto!, Yasufumi Doi2, Toshiharu Ninomiyal, Jun Hata!, Yumihiro Tanizakil,
Masayo Fukuhara!, Kiyoshi Matsumura?, Mitsuo Iida? and Yutaka Kiyohara!

The objective of this paper is to develop a new risk prediction model of cardiovascular disease and to validate its performance
in a general population of Japanese. The Hisayama study is a population-based prospective cohort study. A total of 2634
participants aged 40 years or older were followed up for 14 years for incident cardiovascular disease (stroke and coronary heart
disease (myocardial infarction, coronary revascularization and sudden cardiac death)). We used data among a random two-thirds
(the derivation cohort, n=1756) to develop a new risk prediction model that was then tested to compare observed and predicted

outcomes in the remaining one-third (the validation cohort, n=878). A multivariable cardiovascular risk prediction model was
developed that incorporated age, sex, systolic blood pressure, diabetes, low-density lipoprotein cholesterol, high-density
lipoprotein cholesterol and smoking. We assessed the performance of the model for predicting individual cardiovascular event
among the validation cohort. The risk prediction model demonstrated good discrimination (c-statistic=0.81; 95% confidence
interval, 0.77 to 0.86) and calibration (Hosmer-Lemeshow y2-statistic=6.46; P=0.60). A simple risk score sheet based on the
cardiovascular risk prediction model was also presented. We developed and validated a new cardiovascular risk prediction model
in a general population of Japanese. The risk prediction model would provide a useful guide to estimate absolute risk of

cardiovascular disease and to treat individual risk factors.
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INTRODUCTION

Cardiovascular disease is estimated to be one of the leading causes
of death in Japan, as well as other countries around the world, placing
a burden on the community.! Although the incidence and mortality
of cardiovascular disease in Japan have declined over several decades,
the risk of cardiovascular events remains high.” Additional protection
will require an effective strategy for prevention of cardiovascular
disease. Among a number of cardiovascular prevention strategies,
high-risk approaches are likely to be one of the most effective
strategies for prevention of cardiovascular disease.> To identify
individuals at high risk of cardiovascular disease, a number of risk
prediction tools have been developed.*~!> However, currently available
risk prediction tools of cardiovascular disease are derived mainly
from studies carried out in Western populations and few risk predic-
tion tools are developed for general Japanese populations. The
objective of this paper is to develop a new cardiovascular risk
prediction model and to validate its performance in a general
population of Japanese.

METHODS

Study design and participants
Since 1961, we have been conducting a long-term prospective cohort study of
cardiovascular disease in the town of Hisayama, a suburb of Fukuoka City in
Southern Japan.>!®17 In 1988, a screening survey for this study was performed
in the town. A total of 2742 residents aged 40 years or older (80.9% of the
total population of this age group) consented to participate in the exami-
nation.>18-2! After the exclusion of 106 subjects with a history of cardiovascular
disease and two subjects who died during the examination, the remaining 2634
individuals were enrolled in this study.

The ethics committee of Kyushu University approved this study, participants
provided written informed consent, and the procedures followed were in
accordance with national guidelines.

Follow-up survey

The subjects were followed up prospectively from December 1988 to November
2002 by repeated health examinations. A detailed description of the study
methods has been published previously.>!®-2! In brief, the health status of any
subject who had not undergone a regular examination or who had moved out
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of town was checked yearly by mail or telephone. We also established a daily
monitoring system among the study team and local physicians or members of
the town’s Health and Welfare Office. When a subject died, an autopsy was
performed at the Departments of Pathology of Kyushu University. During the
follow-up period, 577 subjects died, of whom 438 (75.9%) underwent autopsy.
Only one participant was lost to follow-up.

Outcomes

The primary outcome of the present analysis was cardiovascular disease.
Cardiovascular disease was defined as first-ever development of coronary heart
disease or stroke. The criteria for a diagnosis of coronary heart disease included
first-ever acute myocardial infarction, silent myocardial infarction, sudden
cardiac death within 1h after the onset of acute illness, or coronary artery
disease followed by coronary artery bypass surgery or angioplasty.? Acute
myocardial infarction was diagnosed when a subject met at least two of the
following criteria: (1) typical symptoms, including prolonged severe anterior
chest pain; (2) abnormal cardiac enzymes more than twice the upper limit of
the normal range; (3) evolving diagnostic electrocardiographic changes; and
(4) morphological changes, including local asynergy of cardiac wall motion on
echocardiography, persistent perfusion defect on cardiac scintigraphy, or
myocardial necrosis or scars >1cm long accompanied by coronary athero-
sclerosis at autopsy. Silent myocardial infarction was defined as myocardial
scarring without any historical indication of clinical symptoms or abnormal
cardiac enzyme changes, and was detected by electrocardiography, echocardio-
graphy, cardiac scintigraphy or autopsy. Stroke was defined as a sudden onset of
nonconvulsive and focal neurological deficit persisting for >24h. The diag-
nosis of stroke and the determination of its pathological type were based on the
clinical history, neurological examination and all available clinical data,
including brain CT/MRI and autopsy findings.?

Risk factors

Sitting blood pressure was measured three times at the right upper arm using a
sphygmomanometer after 5min of rest; an average of three measurements was
used for the analysis. Plasma glucose levels were determined by the glucose-
oxidase method, and diabetes was defined by a 75 g oral glucose tolerance test
and by fasting (>7.0mmoll~!) or postprandial (>11.1 mmoll~!) blood
glucose levels or by the use of hypoglycemic agents. Total cholesterol, high-
density lipoprotein cholesterol and triglyceride levels were determined enzy-
matically. Low-density lipoprotein (LDL) cholesterol level was estimated using
the Friedewald formula.?? Information on smoking habits was obtained using a
standard questionnaire and was classified as either current or not.

Statistical analysis

Two-thirds of the study participants (n=1756) were randomly assigned to a
risk prediction model derivation cohort and the remaining one-third (n=878)
were reserved as an independent validation cohort using random digits
generated by the Mersenne Twister method.”> Among subjects allocated to
the derivation cohort, a new risk prediction model was developed using Cox’s
proportional hazards model. Covariates included in Cox’s proportional hazards
model were age, sex, systolic blood pressure, diabetes, LDL cholesterol, high-
density lipoprotein cholesterol and smoking habits that were traditional risk
factors for cardiovascular disease established in the Hisayama study.!617:20:21
The performance of the risk prediction model was then tested among subjects
allocated to the validation cohort. Ability of the risk prediction model to
discriminate persons who experience a cardiovascular disease from those who
do not were evaluated using c-statistic,”* and calibration of the risk prediction
model was evaluated using a Hosmer-Lemeshow y2-statistic with 8 d.f. The
cardiovascular risk prediction model was translated into a risk score sheet using
methods developed in the Framingham Heart Study?® To facilitate easier
understanding of the concept of risk, ‘vascular age’ was also included in the
risk score sheet. An individual’s vascular age was calculated as the age of a
person with the same predicted risk but with all other risk factor levels in
optimal ranges.!” All analyses were performed using the SAS software package
(SAS Institute, Cary, NC, USA).
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Table 1 Baseline characteristics in the derivation and the validation
cohorts

Derivation cohort Validation cohort

(h=1756) (h=878)
Age, years 59 (12) 59 (12)
Men 43% 40%
Systolic blood pressure, mm Hg 134 (21) 133 (22)
Diastolic blood pressure, 78 (12) 77 (11)
mm Hg
Diabetes 11% 13%
LDL cholesterol, mg per 131 (43) 133 (41)
100 ml
HDL cholesterol, mg per 50 (12) 50 (12)
100 ml
Current smoker 24% 27%

Abbreviations: HDL, high-density lipoprotein; LDL, low-density lipoprotein.

Values are means (s.d.) or frequencies.

S| conversion factors: to convert LDL and HDL cholesterol to millimoles per liter, multiply
by 0.0259.

Table 2 Regression coefficients and hazard ratios for the
cardiovascular risk prediction model in the derivation cohort

B Hazard ratio 95% Cl
Age, years 0.05775 1.059 1.046-1.073
Men 0.55569 1.743 1.264-2.404
Systolic blood pressure, mm Hg 0.01701 1.017 1.011-1.023
Diabetes 0.51977 1.682 1.193-2.370
LDL cholesterol, mg per 100 ml 0.00257 1.003 0.999-1.006
HDL cholesterol, mg per 100 ml -0.01182 0.988 0.977-1.000
Current smoker 0.35287 1.423 1.024-1.978

Abbreviations: 95% Cl, 95% confidence interval; HDL, high-density lipoprotein; LDL, low-
density lipoprotein.

S| conversion factors: to convert LDL and HDL cholesterol to millimoles per liter, multiply by
0.0259.

RESULTS

The baseline characteristics of the subjects allocated to the derivation
cohort and those to the validation cohort are shown in Table 1. There
were no clear differences in these baseline characteristics between two
cohorts.

During 14 years of follow-up, 216 cardiovascular events were
observed in the derivation cohort and 125 in the validation cohort.
The cardiovascular risk prediction model including covariates of age,
sex, systolic blood pressure, diabetes, LDL cholesterol, high-density
lipoprotein cholesterol and smoking habits were developed in the
derivation cohort. The multivariate-adjusted regression coefficients
and hazard ratios for the risk prediction model are shown in Table 2.

The performance of the risk prediction model was then evaluated
among the validation cohort. In terms of discrimination, the c-statistic
was as high as 0.81 (95% confidence interval, 0.77 to 0.86). Figure 1
demonstrates the calibration plots comparing actual and predicted
cardiovascular events by deciles of risk. The calibration y?-statistic for
the risk prediction model was 6.46 (d.f=8), indicating excellent
goodness of fit (P=0.60). The top 30% of predicted risk identified
70% of subjects who experienced cardiovascular disease during follow-
up (sensitivity). Proportion of subjects without cardiovascular events
who were not in the top 30% of predicted risk was 79% (specificity).

Tables 3 and 4 provide risk score sheets that can be used for
estimation of the multivariable risk of cardiovascular disease at 10
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Figure 1 Actual and predicted cardiovascular events by deciles of risk in the
validation cohort. Hosmer-Lemeshow zz-statistic:6.46, d.f.=8, P=0.60.

Table 3 Cardiovascular risk points

LDL HDL
cholesterol cholesterol
Age SBP (mg per (mg per
Points (years)  Sex (mmHg) Diabetic ~ 100ml) 100ml)  Smoker
0 40-44 Women <119 No <140 =40 No
1 45-49 120-139 >140 <40 Yes
2 50-54 Men  140-159 Yes
3 55-59 160-179
4 60-64 >180
5 65-69
6 70-74
7 75-79
8 >80

Abbreviations: HDL, high-density lipoprotein; LDL, low-density lipoprotein; SBP, systolic blood
pressure.

S| conversion factors: to convert LDL and HDL cholesterol to millimoles per liter, multiply

by 0.0259.

years. Table 4 also provide a different quantification of the same risk in
the form of vascular age.

DISCUSSION

In this paper, a new risk prediction model of cardiovascular disease
has been developed using data obtained from a prospective cohort
study of a general Japanese population. The risk prediction model
demonstrated good performance in regard to both discrimination and
calibration. A simple risk score sheet based on the cardiovascular risk
prediction model was also presented. This simple risk prediction tool
of cardiovascular disease for Japanese would provide a useful guide to
estimate absolute risk of cardiovascular disease and to treat individual
risk factors.

Large-scale cohort studies have developed a number of risk predic-
tion tools of cardiovascular disease.*™'> However, these risk prediction
tools were mainly derived from studies carried out in Western
populations and few risk prediction tools are developed among
general Japanese populations. The NIPPON DATA 80 derived a
cardiovascular risk prediction tool, in which age, sex, systolic blood
pressure, glucose levels, total cholesterol and smoking habits were
included as risk factors, using data obtained from a 19-year prospec-
tive cohort study of general Japanese populations, although the
outcome of NIPPON DATA 80 risk charts was death from cardiovas-

Table 4 Estimated cardiovascular risk at 10 years and vascular age
according to risk points

Vascular age Vascular age

Points Riske (%) for men® (years) for womenP® (years)
0 1.4 — 40-44
1 1.8 — 45-49
2 2.4 40-44 50-54
3 3.2 45-49 55-59
4 4.2 50-54 60-64
5 5.6 55-59 65-69
6 7.4 60-64 70-74
7 9.8 65-69 75-79
8 12.8 70-74 80-84
9 16.7 75-79 85-89
10 21.7 80-84 90-94
11 27.8 85-89 95-99
=12 >30 >90 >100

2Estimated cardiovascular risk at 10 years.
bAge of a person with the same predicted risk but with all other risk factor levels in optimal
ranges.

cular causes.” The Jichi Medical School (JMS) cohort study developed
10-year risk prediction tools for incidence of myocardial infarction'
and stroke,!” in which age, sex, systolic blood pressure, diabetes, total
cholesterol and smoking habits were included as risk factors, using
data obtained from a population-based prospective study of general
Japanese populations. The present analysis from the Hisayama study
developed a new risk prediction tool for incidence of cardiovascular
disease in a general population of Japanese using similar risk factors
used in the previous observational studies of Japanese. Cumulative
incidence rates of cardiovascular events at 10 years estimated from the
present risk prediction tool were almost similar to combined risks of
myocardial infarction and stroke obtained from the JMS risk
charts!®!> and this finding supports the validity and the general-
izability of the Hisayama risk prediction model.

Several limitations of our study should be discussed. One limitation
is a lack of external validation of the risk prediction model. However,
split sample validation is an established method for internal validation
of a risk prediction model and is widely used in other studies.>?
Similarity to the JMS risk chart!4!> also supports the validity of the
Hisayama risk prediction model. Another limitation is that LDL
cholesterol, as a continuous variable, did not reach statistical signifi-
cance in the derivation cohort. However, LDL cholesterol is an
established risk factor for cardiovascular disease in the Hisayama
study?! and thus we included LDL cholesterol into the risk prediction
model. A third limitation is that our findings are based on a one-time
measurement of risk factors (for example, systolic blood pressure,
plasma glucose levels, LDL cholesterol levels and high-density lipo-
protein cholesterol levels), which may not accurately reflect the status
of a study participant. A fourth limitation is that the value of LDL
cholesterol was not directly assayed but was calculated by the Friede-
wald equation,?? although the equation has been adopted in sub-
stantial epidemiologic and clinical studies of LDL cholesterol and
cardiovascular disease. These limitations may have resulted in under-
estimation of the predicted risk among subjects at high risk of
cardiovascular disease.

In conclusion, we developed and validated a new cardiovascular risk
prediction model in a general population of Japanese. The risk
prediction model would provide a useful guide to identify the
individuals at high risk of cardiovascular disease in Japan. High-risk
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approaches for the prevention of cardiovascular disease using the
present risk prediction tool are likely to provide additional protection
against the burden of cardiovascular disease in Japan.
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